The messenger RNA for chicken serum albumin together with its specific binding proteins was purified by hybrid selection using filter-bound cloned albumin cDNA. Under conditions where hybridization of the protein-mRNA complex was specific for the immobilized cDNA sequence, no dissociation of the complex into its protein and RNA components was apparent. Electrophoretic analysis of albumin mRNA-specific binding proteins showed three major bands.
mRNA-specific binding proteins showed three major bands.
Two of these were prominent in total poly(A) messenger ribonucleoprotein. The third band was of much greater relative intensity in the albumin mRNA-specific proteins than in total poly(A) messenger ribonudeoprotein. The results suggest that the proteins bound to albumin mRNA represent only a subset of the total population of poly(A) mRNA-associated protein.
In eukaryotic cells, mRNA is found complexed with a variety of proteins and is more appropriately termed messenger ribonucleoprotein (mRNP) (1) . Many investigators have shown that mRNPs are found both associated with polysomes (i.e., are being actively translated) and in the postpolysomal ("free") fraction (2) . The relationship between free and polysome-associated mRNPs is not well understood and may differ from system to system. The protein components of mRNPs from many cell types have been analyzed, and in most cases differences are found between the free and polysome-associated fractions (3) . Although no functions for proteins from mRNPs are known with certainty, with the exception of the poly(A) organizing protein (4) , strong circumstantial evidence suggests that at least some of these proteins are accessory factors for protein synthesis or are involved in other aspects of translational regulation (5, 6) .
One outstanding difficulty in the study of mRNPs has been the inability, except in highly specialized systems, to analyze the proteins bound to a particular mRNA sequence. Thus, it is not known if the same mRNA sequence binds the same set of proteins in both the free and the polysome-associated fractions or, conversely, if different mRNA sequences in the same fraction bind the same set of proteins. This problem became important in our laboratory since we observed that the protein components of mRNPs ofimmature cockerel liver changed markedly in response to estradiol stimulation (7) . Estradiol stimulation also profoundly alters the mRNA sequence population (8) , rates of protein synthesis for specific proteins (9) , and other aspects of hepatic metabolism. In this report, we show that one abundant chicken liver mRNP, that for serum albumin, may be purified by hybridization to cloned albumin cDNA sequences and that the proteins bound to it appear to be a limited subset ofthe population ofproteins associated with total mRNPs.
MATERIALS AND METHODS
Liver poly(A) mRNA was isolated from estradiol-injected cockerels according to Chirgwin et al. (10) . Poly(A) mRNPs were isolated as described (7) . cDNAs for chicken serum albumin and very low density lipoprotein II apoprotein (apoVLDL II) (a low molecular weight estradiol-inducible serum protein) (11, 12) , cloned in pBR322, were kindly provided by Roger Deeley. They were purified by hydroxylapatite chromatography (13) , linearized with HindIll (New England Biolabs), and immobilized on 13-mm Millipore HAHY filters by the method of Kafatos et al. (14) with minor modifications. Prior to use, the filters were cut into small (-2 mm) squares with sterile scissors. For mRNP hybridization, the filters were prehybridized for 2 hr at 370C in mRNP hybridization buffer (50% formamide/50 mM N-tris(hydroxymethyl)methyl-2-aminoethane sulfonic acid (TES), pH 7.2/0.75 M NaCl/2 mM EDTA/2 mM dithiothreitol) to which bovine serum albumin and Escherichia coli tRNA was added to final concentrations of 1 mg/ml and 100 pg/ml, respectively.
After rinsing (7 to 10 times) at 370C with the above buffer without bovine serum albumin or tRNA, the filters were incubated for an additional 2 hr at 370C in mRNP hybridization buffer containing 0.5% NaDodSO4. After this second prehybridization step, the filters were rinsed 7 to 10 times with mRNP hybridization buffer without NaDodSO4. Hybridization was carried out in 0.5 ml of mRNP hybridization buffer containing 50 pug of mRNPs (as RNA) for 1-2 hr at 370C with constant agitation in sterile siliconized glass vials. After extensive rinsing of the filters with hybridization buffer at 370C, the material bound to the filters was eluted with four aliquots (150 1.l) of 1 mM TES/5 mM dithiothreitol, pH 7.2 at 500C. Carrier tRNA (5 ug) was added and the eluates were precipitated with ethanol or concentrated by lyophilization. Hybridization of mRNA followed the same procedure except that 0.5% NaDodSO4 was present throughout the prehybridization, hybridization, and rinsing steps.
Cell-free translation was performed on deproteinized samples with a commercial nuclease-treated reticulocyte lysate (New England Nuclear or Bethesda Research Laboratories) in the presence of [35S]methionine. Electrophoresis was performed according to Laemmli (15) with 80 x 100 x 0.8 mm slab gels. Fluorography was performed by the method of Chamberlain (16) . Silver staining was performed according to Wray et al. (17) .
RESULTS
Total (free plus polysome-associated) poly(A) mRNPs were prepared from livers of estradiol-stimulated cockerels as described (7) and purified by two passages over oligo(dT) cellulose in the presence of salt concentrations (0.4 M KCl)
Abbreviations: mRNP, messenger ribonucleoprotein; apoVLDL II, very low density lipoprotein II apoprotein.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. sufficient to dissociate nonspecific protein-RNA complexes (17) . They were hybridized to plasmids bearing cloned cDNA for chicken serum albumin (11) or apoVLDL 11 (12) mRNAs that had been immobilized on nitrocellulose filters (as described above). For comparison, the same set of filters was also hybridized to deproteinized total poly(A) mRNA instead of mRNPs. After hybridization and washing, the filter eluates were extracted with phenol and translated in a cell-free system in the presence of [35S]methionine. The translation products were analyzed by polyacrylamide gel electrophoresis (15) followed by fluorography. The results are shown in Fig. 1 . Irrespective of whether mRNA or mRNP was hybridized, the cell-free translation products of the material eluted from filter-bound albumin cDNA migrated to the position of (prepro)albumin on the gels (lanes 4 and 6) . Likewise, the cell-free translation products of both mRNA and mRNP eluted from filter-bound apoVLDL II selection for 1 hr at 37°C, the same conditions used for hybrid selection. To assess any effects offormamide, another mRNP sample was incubated similarly in the high salt, completely aqueous buffer used for binding mRNP to oligo(dT) cellulose. Both samples were reisolated on oligo(dT) cellulose and the proteins were compared to those of unincubated mRNPs by electrophoresis on polyacrylamide gels followed by silver staining. As shown in Fig. 2 To determine whether any proteins were bound specifically to albumin mRNA, a hybridization selection experiment for albumin mRNP was performed under conditions identical to those of Fig. 1 . A portion of the eluate from the filters was deproteinized and translated in vitro as described above to verify that hybridization was specific for serum albumin mRNP. The remaining sample was lyophilized, boiled in protein gel sample buffer containing NaDodSO4 to dissociate proteins from RNA, and subjected to gel electrophoresis followed by silver staining. Fig. 2 (lane 5) shows that a number of bands appeared, of which two (at Mr 43,000 and 45,000) were prominent in both total mRNPs and albuminspecific mRNP. A prominent band at Mr 60,000 was markedly enhanced relative to bands of approximately the same molecular weight seen in total poly(A+) mRNP (lane 4). In addition, a number of minor bands were also present.
To address the possibility that these results were due to nonspecific binding of mRNPs to nitrocellulose or to arbitrary nucleotide sequences, or possibly due to silver staining artifacts known to occur in this molecular weight region on gels (19, 20) , parallel hybridizations were performed by using filters to Proc. NatL Acad Sd USA 82 (1985) ... Kp..
Proc. NatL Acad Sci USA 82 (1985) 7329 binding under the hybridization conditions used. The eluates from these filters and various components of the hybridization procedure were analyzed on gels. The results are shown in Fig. 3 . The major band at Mr 68,000 (lanes 2 and 3) is bovine serum albumin remaining from the prehybridization buffer, which is occasionally found in filter eluates. Remaining minor bands (principally in lane 2) do not migrate to the same positions as the albumin mRNP-specific bands (see Fig. 2) and may result from the use of dithiothreitol in the sample buffer used for electrophoresis or from contamination by skin proteins (20) . Additional lanes (not shown) ruled out possible contaminants introduced by formamide and other components of the hybridization experiments. In addition, electrophoretic analysis of the material remaining in the hybridization buffer after removal of the filters showed the original spectrum of proteins (lane 5), with the addition of a band of serum albumin from the prehybridization buffer.
DISCUSSION
The role of mRNA-complexed protein in translation is not clear. In sea urchin (21) and Xenopus oocytes (6) , and in some other systems (22) , it seems well established that one function of these proteins is to temporarily prevent translation of otherwise functional mRNA. In other systems, it has been shown that a pool of RNA-binding proteins in the cytosol can substitute for initiation and elongation factors (23) and that a cell-free protein-synthesizing system depleted of these factors will efficiently translate mRNPs but not deproteinized mRNA (24) . Some mRNA-associated proteins exchange with this pool of binding proteins (25) . Thus, it appears that mRNA-bound proteins can perform a variety of functions, which include inhibition and stimulation of translation. Since these proteins are of considerable variety and low abundance, it has been difficult to assign specific functions to specific proteins or to determine whether some of them are bound to unique mRNAs or classes of mRNA.
In that a Mr 104,000 protein that is prominent in mRNPs from livers of estradiol-treated cockerels (7) appeared to be absent in albumin mRNP (Fig. 2) . It seems unlikely that this protein was irreversibly bound to the nitrocellulose during the hybrid selection procedure because it is prominent in the material that did not hybridize (Fig. 3, lane 5) . Perhaps this protein is restricted to particular mRNAs. Because of limited availability of sufficiently purified material, at this stage we have not analyzed the protein constituents of polysome-associated albumin mRNP separately from those offree albumin mRNP. It has recently been suggested (26) that the coding sequence in chicken globin mRNP is protein-free when associated with polysomes. Thus far, we have been unable to detect reproducibly protein bound to hybrid-selected apoVLDL II mRNP. Presumably, this is due to low efficiency of hybridization of this mRNP as discussed above.
In conclusion, our results suggest that the proteins bound to albumin mRNA represent only a subset of the total population of poly(A) mRNA-associated proteins. Recently, Ruzdijic et al. (27) have analyzed proteins cross-linked to histone mRNA of HeLa cells by using a different hybrid selection procedure, and they have arrived at a similar conclusion.
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